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Method of assaying fibrinogen, dry reagent therefor, and process for the preparation thereof.

A dry reagent comprises (a) a protein having thrombin activity, (b) at least one additive selected from
the group consisting of amino acid, a salt thereof and saccharide and optionally (c) magnetic particles.
The invention provides a method of assaying fibrinogen in an assay sample using the above dry reagent
and a method for preparing the reagent.
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The present invention relates to a method of assaying fibrinogen in an assay sample, a dry reagent therefor
and a process for the preparation of the dry reagent. More specifically, it relates to a method of assaying fi-
brinogen in an assay sample by simple means promptly with good reproducibility, and a series of techniques
related thereto.

Prior Art

Fibrinogen assay and determinations of an activated partial thromboplastin time (hereinafter abbreviated
as "APTT") and a prothrombin time (hereinafter abbreviated as "PT") as well are carried out for testing blood
for abnormal or normal coagulation or urgency of a patient suffering an excessive loss of blood.

A conventional fibrinogen assay method is broadly classified into a method using a thrombin-containing
reagent in a liquid form (hereinafter referred to as "liquid reagent") and a method using a dry reagent containing
thrombin.

The method using a liquid reagent includes a thrombin time method, a weight method, a salting out meth-
od, a method using an antifibrinogen antibody and an aggregation method using latex particles.

In the salting out method and the method using an antifibrinogen antibody, fibrinogen as an antigen in an
assay sample is measured for an amount, and molecules other than intact fibrinogen such as products formed
by degradation of fibrinogen are also measured together. Hence, these methods are not used for a general
blood coagulation test to determine a normal or abnormal blood coagulation capability.

In the weight method, thrombin is added to a plasma to react the thrombin with fibrinogen, and a formed
fibrin mass is directly measured for a weight. This method is rarely used since the handling is complicated and
the measured value is sometimes irregular.

The assay method according to the aggregation method using latex particles is disclosed, for example,
in Japanese Laid-open Patent Publication No. 4551/1982. Said assay method uses the high affinity of a fibrin
monomer to latex particles. That is, serial diluted plasma solutions are first prepared, a suspension of latex
particles is added to, and mixed with, each diluted plasma solution, and the mixtures are cultured. Then, the
aggregation of the latex particles is monitored and the titer is recorded. On the other hand, a thrombin-con-
taining suspension of latex particles is added to the same diluted plasma solutions, and the mixtures are cul-
tured. The aggregation of the latex particles is monitored, and the titer is recorded. The former titer corresponds
to the concentration of a fibrin monomer in the plasma, and the latter titer corresponds to the sum total of the
concentration of fibrinogen in the plasma and the concentration of a fibrin monomer in the plasma. Therefore,
the concentration of fibrinogen is calculated by deducting the former titer from the latter titer. This assay method
is useful for simultaneously assaying a fibrin monomer and fibrinogen in a plasma, while it disadvantageously
cannot meet with an urgent test since it requires a considerably long period of time from the initiation of meas-
urement to the calculation of a fibrinogen concentration and since the reagent preparation takes time.

In the fibrinogen assay method using a liquid reagent, a thrombin time method discovered by Clauss
(Clauss A, Gerinungsphisiologishe Schneiomethode zur Bestimung des Fibrinogens, Acta Heamat, vol. 17, p.
237, 1957) is generally used. This fibrinogen assay method uses the dependency of the rate of the conversion
of fibrinogen to fibrin in the presence of a surplus amount of thrombin mainly upon a fibrinogen concentration.

In the above assay method, the measurement is carried out by diluting an assay sample with any buffer
solution, preheating the resultant diluted liquid, adding a liquid reagent containing thrombin and measuring a
coagulation time. In this measurement, optical measurement to detect an attenuation of transmitted light or
physical measurement to detect an increase in viscosity is performed up to a predetermined end point. The
coagulation time in this method refers to a time required from the addition of a thrombin liquid reagent to the
above end point. In this assay method, a fibrinogen concentration is determined on the basis of the above
coagulation time.

The thrombin reagent used in the thrombin time method and the above assay method is generally widely
used for assaying fibrinogen. However, fibrinogen assay methods using the thrombin reagent have the fol-
lowing defects. The thrombin reagent is first prepared by restoring the same from freeze-dried one with distilled
water (the restored liquid reagent is poor in a shelf life when stored for a long period of time). It is required to
preheat a diluted assay sample liquid. Time is thus required prior to the measurement. Further, the range of
the concentration at which an assay sample can be assayed is narrow. Therefore, when the assay sample
has a fibrinogen concentration lower than the above assay concentration range, it is necessary to decrease
the dilution degree for further measurement. When the assay sample has a fibrinogen concentration higher
than the above assay concentration range, itis then necessary to increase the dilution degree for further meas-
urement.

On the other hand, the method using a dry reagent containing thrombin has been recently proposed, and
it is disclosed in U.S. Patent 5,110,727 (PCT Laid-open Publication No. WO 89/10788).
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The above Publication describes a dry reagent containing magnetic particles, used in coagulation assay
for measurement of various coagulation and clot lysis factors, and use thereof.

The thrombin-containing dry reagent described in the above Publication is prepared by mixing a thrombin
reagent solution and a plasminogen reagent solution, further adding magnetic particles, pouring a predeter-
mined amount of the resultant solution mixture to a reaction slide and then freeze-drying the solution mixture.
When the above dry reagent is used for measuring a fibrinogen concentration, the measurement is carried
out by placing the thrombin-containing dry reagent on a reaction holding means, adding a predetermined
amount of plasma to the thrombin-containing dry reagent, applying a combination of a vibrating magnetic field
with a static permanent magnetic field immediately after the above addition, thereby to put the magnetic par-
ticles in motion and optically monitoring the motion signal of the magnetic particles. The above Publication sug-
gests that the plasma can be measured for a fibrinogen concentration and a plasminogen activator concen-
tration at the same time by utilizing the correspondence of the decrease and increase of this motion signal to
the viscosity increase and decrease in the dry reagent. That is, according to the above Publication, it is sug-
gested that the negative slope of the motion signal which the magnetic particles show immediately after the
addition of plasma is in proportion to the fibrinogen concentration in the plasma and that the lysis initiation
time at which the motion signal of the magnetic particles restarts to increase after having arrived at a plateau
is in inverse proportion to the plasminogen activator concentration in the plasma. However, the above Public-
ation does not specifically explain anything concerning the technical means for the fibrinogen assay method
using the dry reagent and its effects, nor does it describe anything concerning the correlation to the assay
method using a liquid reagent.

As described above, if fibrinogen can be assayed with a dry reagent containing thrombin, the present prob-
lem that time lapses before the measurement can be overcome. The present inventors have prepared a dry
reagent according to U.S. Patent 5,110,727 and measured a plasma for a fibrinogen concentration using the
dry reagent. As a result, however, it has been found that the obtained size of negative slope of the motion signal
of the magnetic particles does not show sufficient reproducibility. It has been further found that when plasmas
having known fibrinogen concentrations are measured several times according to the above method, the ob-
tained size of negative slope of the motion signal of the magnetic particles does not correspond to the fibri-
nogen concentration in some cases.

It has been therefore found to be difficult to put the fibrinogen assay method to practical use according
to the method disclosed in U.S. Patent 5,110,727.

Summary of the Invention

Itis a first object of the presentinvention to provide a dry reagent with which fibrinogen in an assay sample
can be accurately assayed for a short period of time and an assay method.

It is a second object of the present invention to provide a dry reagent which permits the facile assay of
fibrinogen in an assay sample with good reproducibility, and an assay method.

It is a third object of the present invention to provide a dry reagent for assaying fibrinogen in an assay
sample, which maintains sensitivity, reproducibility and accuracy even when stored for a long period of time,
and a reaction slide containing said dry reagent.

It is further another object of the present invention to provide a facile means by which fibrinogen in an
assay sample can be accurately assayed, and a reagent used therefor.

It is still further another object of the present invention to provide a reagent for fibrinogen assay, which
can be advantageously used for an urgent test of blood in a blood sample for normal or abnormal coagulation
in an excessive loss of blood, and an assay method.

Other objects and advantages of the present invention will be apparent from the following description.

The present inventors have made diligent studies to achieve the above objects of the present invention,
and have found that the solubility of a dry reagent containing a protein having thrombin activity in an assay
sample liquid greatly affects the very assay performance of fibrinogen. That is, it has been revealed that the
uniformity of dry reagent dissolution in the assay sample liquid affects the reproducibility in fibrinogen assay
and further that improvement in the solubility of the dry reagent finally broadens the fibrinogen assay range.
And, it has been further revealed that the uniformity and improvement of the solubility of the dry reagent can
be achieved by using a specific additive and that the inhibition of the coagulation reaction of fibrinogen is not
caused in the presence of this specific additive.

According to the present invention, some of the above objects of the present invention are achieved by a
dry reagent (l) for fibrinogen assay, consisting essentially of:

(a) a protein having thrombin activity (component a),

(b) at least one additive selected from the group consisting of amino acid, a salt thereof and saccharide
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(component b), and

(c) magnetic particles (component c).

According to the present invention, some of the above objects of the present invention are achieved by a
dry reagent (ll) for fibrinogen assay, consisting essentially of:

(a) a protein having thrombin activity (component a) and

(b) at least one additive selected from the group consisting of amino acid, a salt thereof and saccharide

(component b).

According to the present invention, some of the above objects of the present invention are achieved by a
method of assaying fibrinogen in an assay sample, comprising:

(1) bringing the above dry reagent (I) and an assay sample to contact with each other,

(2) monitoring the viscosity of the dry reagent up to an end point which is arbitrarily set at a point where

the viscosity of the dry reagent increases to be 20/19 to 3 times as large as the minimum value of the

viscosity thereof,

(3) measuring a coagulation time which has lapsed from the contact of the dry reagent and the assay sam-

ple to the end point, and

(4) determining an active fibrinogen content in the assay sample on the basis of the coagulation time.

The fibrinogen assay method according to the present invention is based on the thrombin time method,
and the fibrinogen measured by the fibrinogen assay method of the present invention is fibrinogen capable
of converting itself into fibrin in the presence of thrombin.

Detailed Description of the Invention

The dry reagents (I) and (ll), the processes for the production thereof and the method of assaying fibri-
nogen in an assay sample, according to the present invention, will be explained in detail and specifically.

Dry reagents (l) and (ll) for fibrinogen assay:

The dry reagents () and (ll) of the present invention contain, as component a, a protein having thrombin
activity, and this protein refers to a protein which catalyze the conversion of fibrinogen to fibrin. The origin of
this protein is not specially limited as far as it can catalyze the above conversion to fibrin. This protein is gen-
erally advantageously selected from bovine thrombin, human thrombin and snake venom protein. The protein
having thrombin activity is generally commercially available as freeze-dried products, and these can be con-
veniently used as such.

The amount of the protein as component a in the dry reagent (1) for fibrinogen assay per 25 pl of a diluted
assay sample used in one measurement (per one reaction slide to be described later) is generally properly at
least 0.05 NIHU, preferably 0.5 to 1.5 NIHU. The "NIHU" is a unit for an amount of thrombin activity and gen-
erally known. ltis described, for example, in "Minimum Requirement for Dried Thrombin" 2nd Revision, Division
of Biologic Standards, National Institutes of Health, Bethesda, Maryland, 1946.

In explanations of the dry reagent (l) for fibrinogen assay and the process for the production thereof, pro-
vided by the present invention, the proportions of the components a, b and ¢ refer to their amounts used per
25 pl of a diluted assay sample used in one measurement (e.g., per one reaction slide). Therefore, the propor-
tions of these components can be determined depending upon the ordinary amount of an assay sample, and
can be varied relative to the amount of a diluted assay sample.

On the other hand, concerning the dry reagent (ll) for fibrinogen assay, provided by the present invention,
a diluted assay sample is generally used in an amount of about 300 pl for one measurement, and the amount
of the protein (component a) per 300 pl of a diluted assay sample is generally properly at least 0.5 NIHU, pre-
ferably 5 to 15 NIHU. In explanations of the dry reagent (ll) for fibrinogen assay and the process for the pro-
duction thereof, provided by the present invention, the proportions of the components a, b and ¢ refer to their
amounts used per 300 pl of a diluted assay sample used in one measurement. Therefore, the proportions of
these components can be varied relative to the amount of an assay sample.

The dry reagents (I) and (lI) of the present invention contain, as component b, at least one additive selected
from the group consisting of amino acid, a salt thereof and saccharide. As the amino acid or salt thereof, pre-
ferred is a-amino acid or a salt thereof. The above amino acid or salt thereof can be selected from neutral amino
acid or a salt thereof, acidic amino acid or a salt thereof, and a basic amino acid or a salt thereof. Of these,
acidic amino acid or a salt thereof is preferred for the following reasons. When acidic amino acid or a salt thereof
is used, the solubility of an assay sample in the dry reagents (I) and (ll) is excellent, and the motion signal of
the magnetic particles is excellent in reproducibility. Typical examples of the acidic amino acid or the salt there-
of include glutamic acid, sodium glutamate, aspartic acid and sodium aspartate. Examples of the neutral amino
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acid or the salt thereof include glycin, glycin hydrochloride and L-alanine. Examples of the basic amino acid
or the salt thereof include L-lysine, L-lysine hydrochloride and L-arginine.

When amino acid is used as component b, generally, the acidic amino is neutralized to pH 6.0 to 8.0 with
a proper base such as sodium hydroxide or potassium hydroxide before use, and the basic amino acid is neu-
tralized to pH 6.0 to 8.0 with a proper acid such as hydrochloric acid or acetic acid before use.

The saccharide is selected from monosaccharide and polysaccharide, while monosaccharide is preferred
since the motion signal of the magnetic particles is excellent in reproducibility. Typical examples of the mono-
saccharide include glucose and fructose. Examples of the polysaccharide include sucrose, lactose, trehalose
and dextrin. Of these saccharides, glucose, fructose and sucrose are preferred.

In the dry reagent (I) and the process for the production thereof, provided by the present invention, the
amount of the component b is preferably 0.02 to 1 mg, more preferably 0.2 to 0.8 mg.

In the dry reagent (ll) and the process for the production thereof, provided by the present invention, the
amount of the component b is preferably 0.2 to 10 mg, more preferably 2.0 to 8.0 mg.

The dry reagent for fibrinogen assay, provided by the present invention, contains magnetic particles as
component ¢. This component ¢ is useful for optically monitoring a change in the viscosity of the reagent as
a motion signal in the process of conversion of fibrinogen to fibrin. Known magnetic particles can be used as
the component ¢ without any limitation. For example, the component ¢ is selected from ferrosoferric oxide par-
ticles, ferric oxide particles, iron particles, cobalt particles, nickel particles and chromium oxide particles. Pre-
ferred are ferrosoferric oxide particles in view of the intensity of motion signal of the magnetic particles. The
average particle diameter of the magnetic particles is not specially limited, and it is generally 0.01 to 10 pm,
preferably 0.1 to 3 um. The content of the magnetic particles in the dry reagent (I) is not specially limited, and
it is generally 2 x 106 g to 2 x 10~ g, preferably 2 x 10-5g to 1.2 x 104 g.

When the componentb, i.e., the above amino acid, salt thereof or saccharide, is not contained, the reagent
is poor in solubility. As a result, the motion signal of the magnetic particles is not obtained and hence, the assay
cannot be effectively carried out. Further, when an additive other than these is used, the reagent is poor in
solubility, and in some case, no motion signal of the magnetic particles is obtained. Even when a motion signal
is obtained, the solubility of the reagent varies, and as a result, no reproducibility in the change of the motion
signal with time is observed. As a consequence, no accurate assay can be performed with good reproducibility.
Further, due to the component b, the inhibition of the coagulation reaction of fibrinogen is not caused, and as
a result, the facile and accurate assay of fibrinogen can be carried out. As the component b, generally, the
amino acid or salt thereof rather than saccharide is excellent in view of the solubility of the reagent, reprodu-
cibility and facilitation of the reaction.

Preparations of dry reagent for fibrinogen assay and materials for the dry reagent

According to the present invention, there is provided a process for the production of the above dry reagent
(1) for fibrinogen assay, comprising freeze-drying a mixed liquid consisting essentially of:

(a) a protein having thrombin activity (component a),

(b) at least one additive selected from the group consisting of amino acid, a salt thereof and saccharide

(component b),

(c) magnetic particles (component c¢), and

(d) water-based medium (component d).

Further, according to the present invention, there is provided a process for the production of the above
dry reagent (ll) for fibrinogen assay, comprising freeze-drying a mixed liquid consisting essentially of:

(a) a protein having thrombin activity (component a),

(b) at least one additive selected from the group consisting of amino acid, a salt thereof and saccharide

(component b), and

(d) water-based medium (component d).

For example, the dry reagent (I) of the present invention can be produced by dissolving the protein having
thrombin activity (component a) in the water-based medium (component d), particularly a buffer solution, add-
ing the predetermined amounts of the magnetic particles (component ¢) and the additive (component b) such
as amino acid, a salt thereof or saccharide to form a final solution, then placing the predetermined amount of
the final solution in a reaction slide, freezing the placed final solution and freeze-drying the frozen solution.

The above reaction slide used in the above production process is not specially limited if it permits optical
monitoring of an increase in the viscosity of the dry reagent as an attenuation of the motion signal of the mag-
netic particles in fibrinogen measurement. For example, a reaction slide shown in Figs. 1 and 2 can be used.
Fig. 1 shows a plane view of one embodiment of the reaction slide, in which a portion circled by a dotted line
is an essential portion having an inlet for the final solution to be prepared into the dry reagent for fibrinogen
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assay and an inlet for an assay sample. Fig. 2 specifically shows the structure of the essential portion. For
example, the essential portion is constituted by laminating a transparent polyester plate B on a white polyester
plate C and then laminating a transparent polyester plate A on the transparent polyester plate B. The final sol-
ution for the dry reagent for fibrinogen assay is charged through an inlet shown in Fig. 1 and filled in a portion
indicated as D. When a reaction slide of this type is used, generally, the final solution is charged in an amount
of approximately 20 to 30 pl.

The structure of the reaction slide of this type is also discussed in detail in Figs. 11 to 16 of U.S. Patent
No. 5,110,727.

The contents and activities of the components of the dry reagent for fibrinogen assay, specified in the pres-
ent specification, refer to amounts and activities per reaction slide when 25 pl of the final solution is charged
into such a reaction slide as shown in Figs. 1 and 2 and freeze-dried, unless otherwise specified.

The water-based medium, preferably a buffer solution, in which the protein having thrombin activity, the
magnetic particles and the amino acid or the salt thereof or the saccharide are to be contained, is not specially
limited if it has buffer capacity pH 6.0 to pH 8.0. The water-based medium preferably includes a 20 mM HEPES
buffer solution (pH 7.35) or a 20 mM phosphate buffer solution (pH 7.4).

Although not specially limited, the method for drying the buffer solution containing the above essential
components is preferably a freeze-drying method. When an air drying method is employed, the solubility of
the reagent deteriorates to some extent, and the intensity of motion signal of the magnetic particles tends to
be poor.

The above freeze-drying method is not specially limited. The freeze-drying method includes, for example,
a general method in which the final solution of the dry reagent for fibrinogen assay is charged into the reaction
slide shown in Fig. 1 through the inlet and the reaction slide is instantaneously frozen with dry ice or liquid
nitrogen. The method for drying the frozen final solution is not specially limited, either, while it is preferred to
linearly increase the temperature of the frozen reaction slide in a vacuum state from -30° C to room temperature
with the lapse of time for 7 to 13 hours.

The dry reagent (l) of the present invention is preferably in the form of a film in which it is formed within
the reaction slide.

The dry reagent (ll) of the present invention can be produced by dissolving the protein having thrombin
activity (component a) in a water-based medium, preferably a buffer solution, adding an additive such as the
amino acid, salt thereof or saccharide to prepare a final solution, charging a determined amount of the final
solution to a reaction cup, freezing the final solution and drying the frozen final solution.

The method for drying the frozen final solution is not specially limited. The method and conditions for drying
the frozen final solution are the same as those described regarding the above dry reagent (I). In this case,
however, the contents of the components of the dry reagent (ll) for fibrinogen assay, specified in the present
specification, refer to amounts per reaction cup and activities when 300 pl of the final solution is charged into
the reaction cup and freeze-dried, unless otherwise specified.

The assay sample containing fibrinogen to which the dry reagents (I) and (ll) of the present invention can
be applied is not specially limited, and it includes human whole blood, animal whole blood, human plasma and
animal plasma. In particular, the dry reagents (I) and (ll) of the present invention are preferably applied to hu-
man-derived whole blood and plasma.

Method of assaying active fibrinogen

When the above dry reagent () or (ll) of the present invention is used, fibrinogen in an assay sample can
be measured in a broad concentration range accurately with good reproducibility promptly. In particular, ac-
cording to the present invention, it has been revealed that the fibrinogen assay can be accurately carried out
by optically monitoring the motion signal of the magnetic particles of the above dry reagent (I) and examining
the relationship between the change in viscosity and the coagulation.

The fibrinogen assay using the dry reagent (1) of the present invention will be explained hereinafter.

The assay of fibrinogen using the dry reagent (l) of the present invention can be carried out by placing
the dry reagent (I) on a reaction holding means, adding a predetermined amount of an assay sample to the
dry reagent (1), applying a combination of a vibration magnetic field with a static permanent magnetic field im-
mediately after the above addition, thereby to put the magnetic particles contained in the dry reagent (I) in
motion, and optically monitoring the motion signal of the magnetic particles with an optically monitoring appa-
ratus.

For the fibrinogen assay using the dry reagent (I) of the present invention, optically monitoring apparatus
in the trade names of CG01 (A & T Corp.) and COAG1 (Wako Pure Chemical Industries, Ltd.) are available.

The fibrinogen assay using the dry reagent (1) of the present invention can be carried out on the basis of
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a change of the motion signal of the magnetic particles with the lapse of time which change is obtained after
an assay sample is added to the reagent (l).

The method for determining the fibrinogen concentration of an assay sample on the basis of a change of
the motion signal of the magnetic particles with the lapse of time is not specially limited, or a variety of methods
are available. For example, there may be employed a known method using the size of negative slope of the
motion signal which the magnetic particles show immediately after an assay sample is added. Besides this
method, there may be employed a method utilizing a coagulation time in which one selected pointin the motion
signal intensity is set at an end point and the time from the addition of an assay sample to the end point is
taken as the coagulation time.

The method in which one selected point in the motion signal intensity is set at an end point and the time
from the addition of an assay sample to the end point is as follows. A point where the motion signal has atte-
nuated at a predetermined ratio to the peak value of the obtained motion signal of the magnetic particles is
set at an end point, and the time from the addition of an assay sample to the end point is taken as a coagulation
time. The coagulation time obtained by this method correlates well with the fibrinogen concentration in an as-
say sample.

The method for assaying fibrinogen in plasma using the coagulation time is not specially limited, either,
and it is typically carried out as follows. First, three plasmas having known but different concentrations of fi-
brinogen are respectively diluted in buffer solutions of the same kind, and the resultant diluted plasma solutions
are measured for coagulation times corresponding to individual plasmas by the above described method. A
calibration curve is prepared on the basis of the so-obtained results. Then, a plasma is diluted in the same
buffer solution as that used above at the same dilution ratio, and the resultant diluted plasma solution is meas-
ured for a coagulation time in the same manner as above, and the fibrinogen concentration is determined on
the basis of the so-obtained coagulation time by reference to the above-prepared calibration curve. In this
case, it is preferred to use a calibration curve of alog-log graph in which X-axis shows fibrinogen concentrations
and Y-axis shows coagulation times.

The above buffer solution for diluting an assay sample (e.g., plasma) can be selected from any buffer sol-
utions, while OWREN's buffer is preferred.

According to the present invention, there is provided a method of assaying fibrinogen in an assay sample,
comprising:

(1) bringing the above dry reagent (I) of the present invention and the assay sample to contact with each

other,

(2) monitoring the viscosity of the dry reagent up to an end point which is arbitrarily set at a point where

the viscosity value of the dry reagent is 20/19 to 3 times as large as the minimum value of the viscosity

thereof,

(3) measuring a coagulation time which has lapsed from the contact of the dry reagent and the assay sam-

ple to the end point, and

(4) determining an active fibrinogen content in the assay sample on the basis of the coagulation time.

The assay sample to which the assay method of the present invention is applied is preferably human whole
blood or plasma, and particularly preferably human plasma.

The end point referred to in the above assay method is any point set where the viscosity of the dry reagent
increases to be 20/19 to 3 times as large as the minimum value of the viscosity after an assay sample is added
to the dry reagent. In view of reproducibility, it is particularly preferred to set the end point where the viscosity
value increases to be 10/7 to 2 times as large as the minimum viscosity value. When the end point is set where
the viscosity is less than 20/19 (about 1.05) times the minimum viscosity value, the sensitivity is low. When
it is set where the viscosity is more than 3 times the minimum viscosity value, the assay range is liable to be
narrow.

The viscosity change in the dry reagent (I) of the present invention can be monitored by utilizing the mag-
netic particles contained therein. The method for monitoring the viscosity change is not specially limited. The
monitoring is preferably carried out as follows. The dry reagent (1) is placed on a reaction holding means, then
a predetermined amount of an assay sample is added to the dry reagent (I), a combination of a vibration mag-
netic field and a static permanent magnetic field is applied to put the magnetic particles contained in the dry
reagent (I) in motion, and the motion signal of the magnetic particles is optically monitored. For the above mon-
itoring, any commercially available apparatus including the foregoing apparatus can be used.

When a commercially available monitoring apparatus is used, a change in the motion signal of the magnetic
particles which reversely corresponds to the viscosity change of the dry reagent is obtained as a change with
the lapse of time. To explain the present invention in this case, the minimum value of the viscosity is a point
where all the components of the dry reagent are dissolved, i.e., where the motion signal of the magnetic par-
ticles immediately after the addition of an assay sample shows a peak value. This is further explained by ref-
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erence to Fig. 4-A. Fig. 4-A shows a typical relationship between the time which has lapsed after the addition
of an assay sample (abscissa axis) and the intensity of the motion signal of the magnetic particles (ordinate
axis). The intensity of the motion signal indicated by the ordinate axis is in a reverse relation to the viscosity
of the reagent. That is, Fig. 4-A shows that as the intensity of the motion signal increases along the ordinate
axis, the viscosity decreases.

When an assay sample is added to the dry reagent, the reagent is dissolved in the assay sample, and
then the viscosity sharply decreases to reach a minimum value. The point where the viscosity is the minimum
is a point where the motion signal of the magnetic particles has a peak value, which peak value is shown as
X in Fig. 4-A. The viscosity of the reagent once shows the minimum value and then gradually increases to
reach a certain viscosity value at a certain time. When the signal value at this time is taken as Y, the viscosity
increase at this time is X/Y times as large as the viscosity in the point X. That is, the time when the attenuation
of the signal intensity relative to the peak value of the motion signal reaches (X-Y)x100/X (%) corresponds to
a time when the viscosity increase reaches X/Y times as large as the viscosity in the point X. In Fig. 4-A, a
point where the signal intensity attenuates from the peak value (X) by 30 % is indicated as Y. In this case, the
point Y shows that the viscosity increases to be 10/7 times as large as the viscosity in the point X.

In the assay method of the present invention, any point in the range where the viscosity of the dry reagent
increases to be 20/19 to 3 times as large as the viscosity of the minimum value (X), preferably 10/7 to 2 times
as large, is set as an end point. And, the period of time from the contact time of the dry reagent and an assay
sample to the time of the end point is measured as a coagulation time.

The length of the above coagulation time correlates well with the concentration of fibrinogen in the assay
sample.

The method of assaying fibrinogen using the dry reagent (ll) of the present invention will be explained
hereinafter.

The dry reagent (ll) contains no magnetic particles in contrast to the above dry reagent (I) of the present
invention. Therefore, the dry reagent (ll) can be used similarly to the dry reagent (1) if it is preliminarily dis-
solved, allowed to contain magnetic particles and dried. However, the dry reagent (ll) of the present invention
can be used in combination with a steel ball since it contains no magnetic particles, whereby fibrinogen in an
assay sample can be accurately determined.

The assay method using the dry reagent (Il) will be explained below. The dry reagent (ll) consisting es-
sentially of the components a and b is prepared in a reaction cup of KC-10A (supplied by Amelung GmbH, Lem-
go). Then, steel ball (supplied by Amelung GmbH, Lemgo) is placed on the dry reagent (Il), and an assay sample
is added. The time which lapses from the addition of an assay sample to a time when the steel ball begins to
move is measured as a coagulation time. The coagulation time obtained by this method correlates well to the
concentration of fibrinogen in the assay sample. The method for assaying fibrinogen in plasma by the coag-
ulation time is not specially limited. For example, the assay according to this method is carried out as follows.
First, three plasmas having known but different fibrinogen concentrations are respectively diluted in buffer sol-
utions, and the diluted assay sample solutions are measured for coagulation times corresponding to the above
three plasmas according to the above assay method. On the basis of the so-obtained results, a calibration
curve is prepared. A plasma is diluted in the same buffer solution as those used above at the same dilution
ratio. The diluted plasma solution is measured for a coagulation time in the same manner as above, and the
fibrinogen concentration is determined on the basis of the so-obtained coagulation time by reference to the
above-prepared calibration curve. In this case, it is preferred to use a calibration curve of a log-log graph in
which X-axis shows fibrinogen concentrations and Y-axis shows coagulation times.

The above buffer solution for diluting an assay sample can be selected from any buffer solutions as ex-
plained concerning the dry reagent (I), while OWREN’s buffer is preferred.

In the method of assaying fibrinogen using the dry reagent (I) of the present invention, the most practically
excellent is the method in which the dry reagent (I) and an assay sample are brought into contact with each
other, the time during which the viscosity increases from the addition of an assay sample to a certain viscosity
value (end point) is measured as a coagulation time and the fibrinogen content is determined on the basis of
the coagulation time as described above, since the assay can be carried out easily, accurately and promptly.

In addition, studies by the present inventors have revealed that the fibrinogen content in an assay sample
can be determined by other modified assay method using the dry reagent (1), since the dry reagent (l) per se
is excellent in reactivity, reproducibility and accuracy.

That is, according to the present invention, there are provided modified methods (a-1) to (a-3) of assaying
fibrinogen using the dry reagent (I) of the present invention.

(a-1) Amethod of assaying fibrinogen on the basis of a change of a viscosity with time using the assaying
fibrinogen using the dry reagent (I) of the present invention.

(a-1) A method of assaying fibrinogen on the basis of a change of a viscosity with time using the dry re-
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agent (1), the method comprising:

(i) preliminarily adding assay samples having known fibrinogen concentrations to dry reagents (I), then

determining initial viscosity increase rates from a time when each reaction mixture shows a minimum vis-

cosity value to a predetermined time and assay ranges corresponding to the initial viscosity increase rates
for determining a concentration of an assay sample, and

(ii) adding an assay sample having an unknown concentration to the dry reagent (l), measuring the resul-

tant reaction mixture for an initial viscosity increase rate, determining an assay range on the basis of the

initial viscosity increase rate, measuring the reaction mixture for a viscosity increase rate in the assay
range and determining a fibrinogen content in the assay sample on the basis of the viscosity increase
rate.

(a-2) A method of assaying fibrinogen on the basis of a change of a viscosity with time using the dry re-
agent (1), the method comprising:

(i) preliminarily adding assay samples having known fibrinogen concentrations to dry reagents (I), then

determining viscosity minimum times from the addition of the assay samples to a time when each reaction

mixture shows a minimum viscosity and assay ranges corresponding to the viscosity minimum times for
determining a concentration of an assay sample, and

(ii) adding an assay sample having an unknown concentration to the dry reagent (l), measuring the resul-

tant reaction mixture for a viscosity minimum time, determining an assay range on the basis of the viscosity

minimum time, measuring the reaction mixture for a viscosity increase rate in the assay range and deter-
mining a fibrinogen content in the assay sample on the basis of the viscosity increase rate.

(a-3) A method of assaying fibrinogen on the basis of a change of a viscosity with time using the dry re-
agent (1), the method comprising:

(i) preliminarily determining an assay range in a range where the viscosity of the reaction system is 20/19

to 2 times as large as a value of the minimum viscosity, and

(ii) adding an assay sample having an unknown concentration to the dry reagent (l), measuring the reaction

mixture for a viscosity increase rate in the assay range and determining a fibrinogen content in the assay

sample on the basis of the viscosity increase rate.

When any one of the above methods (a-1) to (a-3) is employed with the foregoing apparatus such as
"CG01" or "COAG1", the signal waveform shown in Fig. 4-A is converted to a logarithmic signal waveform
shown in Fig. 4-B, and the fibrinogen assay is characteristically carried out on the basis of a linear portion of
the logarithmic signal waveform. These methods will be explained hereinafter. When the viscosity change in
the system is examined by means of a measuring apparatus such as CG01 or COAG1, a signal waveform
shown in Fig. 4-Ais obtained. Then, a logarithm of this signal intensity is calculated. The so-obtained waveform
is called a logarithmic signal waveform. For example, a logarithmic signal waveform shown in Fig. 4-B is ob-
tained. In Fig. 4-B, the abscissa axis indicates a time after the addition of an assay sample, and the ordinate
axis indicates the logarithm of the signal intensity. In the logarithmic signal waveform, it is shown that the
smaller the value of logarithm of the signal intensity is, the higher the viscosity is. That is, in Fig. 4-B, when
the reaction system shows the minimum viscosity value, the logarithm of the signal intensity is the largest.

In Fig. 4-B, A, B, C, D, E and F means as follows.

A: Maximum value of the logarithm of the signal intensity.

B: Logarithmic value of the signal intensity when C second lapses from a time at which reaction system

has shown minimum viscosity (Pt).

C: One selected time.

D: Assay range

E: Logarithmic value of the signal intensity at the start point of the assay range.

F: Logarithmic value of the signal intensity at the end point of the assay range.

The initial viscosity increase rate will be explained hereinafter by reference to Fig. 4-B. In this case, the
initial viscosity increase rate is expressed by the following two equations using Aand B in the logarithmic signal
waveform shown in Fig. 4-B.

Initial viscosity increase conversion coefficient (%) = (B/A) x 100
Initial viscosity increase rate = 100 - initial viscosity increase conversion coefficient (%)

The initial viscosity increase conversion coefficient means that the smaller this coefficient is, the larger
the initial viscosity increase rate is. Ashown in Fig. 4-B is the maximum value of logarithmic values of the signal
intensity, and this A corresponds to the logarithmic value of the signal intensity when the reaction system
shows the minimum viscosity. B is the logarithmic value of the signal intensity at a time when a selected time
C lapses from a time at which the reaction system has shown the minimum viscosity. The time span C shown
in Fig. 4-B is not specially limited, and can be freely selected, while C is preferably set at the value of about
12 seconds in view of an improvement in assay accuracy.
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In the methods (a-1) to (a-3) of the present invention, fibrinogen can be assayed by measuring the vis-
cosity increase rate in the assay range. Similarly in Fig. 4-B, the viscosity increase rate in the assay range is
expressed by a change amount of logarithmic values of the signal intensity per unit time in the assay range.
The viscosity increase rate in the assay range corresponds to the fibrinogen concentration. That is, the higher
the concentration of fibrinogen in blood or plasma is, the larger the viscosity increase rate in the assay range
is. In Fig. 4-B, the viscosity increase rate in the assay range is expressed by the following equation.

Viscosity increase rate in the assay range = (E - F)/D

The above assay range is preliminarily determined continuously or stepwise so that it corresponds to the
initial viscosity increase rate by using assay samples having known concentrations. The continuous determi-
nation of the assay range is explained below by reference to Fig. 4-B.

In the continuous determination, first, the signal waveform is obtained by using assay samples having
known concentrations. The signal waveform obtained is converted to logarithmic signal waveform. Then, on
the basis of this curve (logarithmic signal waveform), alinear region of the curve from a time when the reagent
is dissolved, i.e, when the reaction system shows the minimum viscosity to a time when the reaction system
shows a constant viscosity after the coagulation has completed and the above initial viscosity increase rate
are determined. This linear portion most accurately reflects the fibrinogen concentration. The start point (start
time) and end point (finish time) of the so-determined linear portion are plotted in such a manner that these
points correspond to the initial viscosity increase rate, and then the assay range within the linear region, i.e.,
a region between the start point of the linear region and the end point thereof, is determined for each initial
viscosity increase rate such that the start point of the assay range comes later as the initial viscosity increase
rate decreases or the start point of the assay range comes earlier as the initial viscosity increase rate increases
and that the time used for the assay range is longer as the initial viscosity increase rate decreases. In this
manner, the viscosity increase rate in the assay range is hardly affected by a noise and can be accurately de-
termined. Continuous lines formed by combining values of the start point (E) of the so-determined assay range
and values of end point (F) of the so-determined assay range are preferably curves, and the range between
these two continuous lines is taken as the assay range.

To be more specific, when the initial viscosity increase conversion coefficient (%) is 95 %, the assay range
covers the period of 5.0 seconds from 2.5 seconds after the reaction system shows the minimum viscosity to
7.5 seconds thereafter. When it is 96 %, the assay range covers the period of 7.0 seconds from 7.0 seconds
after the reaction system shows the minimum viscosity to 14.0 seconds thereafter. When it is 97 %, the assay
range covers the period of 7.5 seconds from 7.5 seconds after the reaction system shows the minimum vis-
cosity to 15.0 seconds thereafter. When it is 98 %, the assay range covers the period of 10.0 seconds from
8.0 seconds after the reaction system shows the minimum viscosity to 18.0 seconds thereafter. When it is 99
%, the assay range covers the period of 19.0 seconds from 16.0 seconds after the reaction system shows the
minimum viscosity to 35.0 seconds thereafter. When it is at least 99.1 %, the assay range covers the period
of 21.0 seconds from 17.5 seconds after the reaction system shows the minimum viscosity to 38.5 seconds
thereafter.

In the stepwise determination, first, the signal waveform is obtained by using assay samples having known
concentrations. The signal waveform obtained is converted to logarithmic signal waveform. Then, on the basis
of this curve (logarithmic signal waveform), a linear region from a time when the reagent is dissolved, i.e, when
the reaction system shows the minimum viscosity, to a time when the reaction finishes so that the reaction
system shows a constant viscosity and the initial viscosity increase rate are determined in the same manner
as above. The assay range is determined stepwise on the basis of ranges overlapping in the linear region in
a manner that the assay range corresponds to the initial viscosity increase rate. The standard on which the
initial viscosity increase rate is separated stepwise is properly determined depending upon the corresponding
linear region, and it is not constant.

For example, when the above-defined initial viscosity increase conversion coefficient (%) is less than 95
%, the assay range is set to cover the period of 5 seconds from 2.5 seconds after the reaction system shows
the minimum viscosity to 7.5 seconds thereafter. When the initial viscosity increase conversion coefficient (%)
is atleast 95 % and less than 99.1 %, the assay range is set to cover the period of 7.5 seconds from 7.5 seconds
after the reaction system shows the minimum viscosity to 15 seconds thereafter. When the above initial vis-
cosity increase conversion coefficient (%) is atleast 99.1 %, the assay range is set to cover the period of 17.5
seconds from 17.5 seconds after the reaction system shows the minimum viscosity to 35 seconds thereafter.

The assay range which corresponds to the initial viscosity increase rate stepwise or continuously is af-
fected by an apparatus and a reagent which are employed. It is therefore required to determine the assay range
beforehand by using model plasmas having known fibrinogen concentrations.

For determining the fibrinogen content on the basis of the viscosity increase rate in the assay range, gen-
erally, the viscosity increase rates in assay ranges are determined concerning a plurality of assay samples
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having known fibrinogen concentrations, and calibration curves of viscosity increase rates in assay ranges and
fibrinogen concentrations are preliminarily prepared. On the basis of these calibration curves, the fibrinogen
contentis determined. That is, when an assay sample having an unknown fibrinogen concentration is measured
for a viscosity increase rate in the assay range, the fibrinogen concentration can be determined on the basis
of the calibration curve.

To explain a specific application example, the upper limit and lower limit of the assay range are handled
as a function of the initial viscosity increase rate. That is, the corresponding assay range is determined on the
basis of the initial viscosity increase rate. When an assay sample is measured, the initial viscosity increase
rate is calculated first, and the assay range is determined on the basis of the obtained value of the initial vis-
cosity increase rate. Further, on the basis of calibration curve preliminarily prepared, the fibrinogen concen-
tration can be determined by calculating the viscosity increase rate in the assay range.

In the method (a-2) of assaying fibrinogen using the dry reagent (I) on the basis of a change of the viscosity
thereof with time, the fibrinogen assay can be carried out by preliminarily adding assay samples having known
concentrations to the dry reagents (1), then determining viscosity minimum times from the addition of the assay
samples to a time when each reaction mixture shows a minimum viscosity value and assay ranges correspond-
ing to the viscosity minimum times for determining a concentration of an assay sample, then adding an assay
sample having an unknown concentration to the dry reagent (I), measuring the resultant reaction mixture for
a viscosity minimum time and finally measuring the reaction mixture for a viscosity increase rate in the assay
range corresponding to the viscosity minimum time obtained.

The time when the reaction system shows the minimum viscosity and the viscosity increase rate in the
assay range are as defined above.

In this method (a-2), the assay range is characteristically determined on the basis of the viscosity minimum
time which lapses from the addition of an assay sample to a time when the reaction system shows the minimum
viscosity.

That is, the assay range is continuously or stepwise determined in a manner that it corresponds to the
viscosity minimum time. The continuous determination of the assay range on the basis of the viscosity mini-
mum time is explained below by reference to Fig. 4-B.

In the above determination, first, the signal waveform is obtained by using assay samples having known
concentrations. The signal waveform obtained is converted to a logarithmic signal waveform. Then, on the ba-
sis of this curve (logarithmic signal waveform), a linear region of the curve from a time when the reagent is
dissolved, i.e, when the reaction system shows the minimum viscosity to a time when the reaction system
shows a constant viscosity after the coagulation has completed and the above viscosity minimum time are
determined. This linear portion most accurately reflects the fibrinogen concentration. The start point (start
time) and end point (finish time) of the so-determined linear portion are plotted in such a manner that these
points correspond to the viscosity minimum time, and then the assay range within the linear region, i.e., a re-
gion between the start point and the end point, is determined for each viscosity minimum time such that the
start point of the assay range comes later as the viscosity minimum time is prolonged or the start point of the
assay range comes earlier as the viscosity minimum time is shortened and that the time covered by the assay
range is longer as the viscosity minimum time is prolonged. In this manner, the viscosity increase rate in the
assay range is hardly affected by a noise and can be accurately determined. Continuous lines formed by com-
bining values of the start point (E) of the so-determined assay ranges and values of the end point (F) of the
so-determined assay range are preferably curves, and the range between these two continuous lines is taken
as the assay range.

In the stepwise determination, first, the signal waveform is obtained by using assay samples having known
concentrations. The signal waveform obtained is converted to a logarithmic signal waveform. Then, on the ba-
sis of this curve (logarithmic signal waveform),a linear region from a time when the reagent is dissolved, i.e,
when the reaction system shows the minimum viscosity, to a time when the reaction finishes so that the re-
action system shows a constant viscosity and the viscosity minimum time are determined in the same manner
as above. The assay range is determined stepwise on the basis of ranges overlapping in the linear region in
amanner that the assay range corresponds to the viscosity minimum time. The standard on which the viscosity
minimum time is separated stepwise is properly determined depending upon the corresponding linear region,
and it is not constant.

For example, as shown in Example 12 to be described later, when the viscosity minimum time is less than
5 seconds after the initiation of measurement, the assay range is set to cover the period of 5 seconds from
2.5 seconds after the viscosity minimum time to 7.5 seconds. When the viscosity minimum time is at least 5
seconds and less than 15 seconds after the initiation of measurement, the assay range is set to cover the per-
iod of 7.5 seconds from 7.5 seconds after the viscosity minimum time to 15 seconds. When the viscosity mini-
mum time at least 15 seconds after the initiation of measurement, the assay range is set to cover the period
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of 17.5 seconds from 17.5 seconds after the viscosity minimum time to 35 seconds.

For determining the fibrinogen content on the basis of the viscosity increase rate in the assay range, gen-
erally, the viscosity increase rates in assay ranges are determined concerning a plurality of assay samples
having known fibrinogen concentrations, and calibration curves of viscosity increase rates in assay ranges and
fibrinogen concentrations are preliminarily prepared. On the basis of these calibration curves, the fibrinogen
contentis determined. That is, when an assay sample having an unknown fibrinogen concentration is measured
for a viscosity increase rate in the assay range, the viscosity increase rate can be converted to a fibrinogen
concentration on the basis of the calibration curve.

Further, in the method (a-3) of assaying fibrinogen using the dry reagent (l) for fibrinogen assay on the
basis of a change of the viscosity thereof with time, the fibrinogen assay is carried out by preliminarily deter-
mining an assay range from a range in which the viscosity of a reaction system increases to be 20/19 to 2 times
as large as the minimum value of the viscosity, then adding an assay sample having an unknown concentration
to the dry reagent (I), and measuring the reaction system for a viscosity increase rate in the assay range.

To explain one embodiment of the above method using the above measuring apparatus for the above blood
coagulation dry reagent, there is obtained a change of the motion signal of the magnetic particles with the
lapse of time which change is in inverse proportion to the viscosity in a reaction slide. The change of the motion
signal shown in Fig. 4-A is obtained. When the signal intensity of the motion signal at which the viscosity is
the minimum is taken as X and when the signal intensity at which the viscosity of the reaction system increases
to a certain viscosity value is taken as Y, the viscosity at this time increases to be X/Y times as large as the
minimum value of the viscosity. That is, the point showing a signal intensity of Y/X x 100 (%) of the signal in-
tensity of the motion signal when the viscosity is minimum corresponds to a point at which the viscosity has
increased to be X/Y times as large as the minimum value of the viscosity. For example, the point at which the
viscosity of the reaction system has increased to be 20/19 times as large as the minimum viscosity corresponds
to a point at which the signal intensity is 95 % of the signal intensity of the motion signal of the magnetic par-
ticles when the viscosity is the minimum.

In the above method (a-3), two points are set in the range of from a point where the viscosity of the reaction
system is 20/19 times as large as the minimum value thereof to a point where the viscosity increases to be 2
times as large as the minimum value, and the range (time) between these two points is determined to be the
assay range. It is preferred to set the assay range between 10/9 times and 10/7 times, since reproducibility is
improved. The time between the above two points is not specially limited if it is in the above range, while it is
preferably set for at least 2 seconds since the assay accuracy improves.

Meanwhile, when the assay range is set where the viscosity of the reaction system is less than 20/19 times
as large as the minimum value thereof, the fibrinogen concentration and the viscosity increase rate in an assay
range poorly correlate with each other. When the obtained data is plotted to draw a graph on a squared paper
sheet in which the X-axis indicates fibrinogen concentration and the Y-axis indicates viscosity increase rate,
the linearity is insufficient. In particular, no fibrinogen in a high concentration cannot at all be determined. When
the assay range is set where the viscosity of the reaction system is more than 2 times as large as the minimum
value, fibrinogen in a low concentration region cannot be determined, and the measurement in a high concen-
tration region shows a large error. Therefore, the assay range is required to be set in the range where the vis-
cosity of the reaction system is 20/19 to 2 times as large as the minimum value thereof.

For determining the fibrinogen content on the basis of the viscosity increase rate in the assay range, gen-
erally, the viscosity increase rates in assay ranges are determined concerning a plurality of assay samples
having known fibrinogen concentrations, and calibration curves of viscosity increase rates in assay ranges and
fibrinogen concentrations are preliminarily prepared. On the basis of these calibration curves, the fibrinogen
contentis determined. That is, when an assay sample having an unknown fibrinogen concentration is measured
for a viscosity increase rate in the assay range, the viscosity increase rate can be converted to a fibrinogen
concentration on the basis of the calibration curve.

The dry reagents (I) and (ll) for fibrinogen assay, provided by the present invention, are excellent, since
they obviate the restoration of the thrombin reagent and a time for warming an assay sample, and achieve
the prompt fibrinogen assay with good reproducibility by only diluting an assay sample in contrast to the fibri-
nogen assay method using a liquid reagent according to the thrombin time method. The dry reagent (I) and
(I1) permit broad assay ranges, and unlike a liquid reagent, the dry reagents () and (ll) substantially obviate
procedures of remeasurement of an assay sample by changing the dilution ratio when the assay sample has
a fibrinogen concentration outside the assay range. More specifically, conventional reagents only permit the
assay in a concentration range of 150 to 800 mg/dl when an assay sample is diluted 20 times, while the dry
reagent (I) of the present invention permits the assay in a broad concentration range of 50 to 800 mg/dl when
an assay sample is diluted 20 times. The dry reagent (l) of the present invention thus has a characteristic fea-
ture in high sensitivity and measurement capability including a low concentration range.
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Further, the result of the fibrinogen assay using the dry reagent (I) of the present invention correlates bet-
ter to the result of the fibrinogen assay using a liquid reagent than the result of the known dry reagent con-
taining thrombin (U.S. Patent 5,110,727), and the assay using the dry reagent (I) of the present invention can
be carried out with improved reproducibility and higher reliability.

As aresult of the development of the dry reagent (l) for fibrinogen assay, provided by the present invention,
a measuring apparatus can be decreased in size and further can be handled easily. Therefore, the dry reagent
(I) can meet with a bedside urgent test without necessarily requiring an expert.

Moreover, when the dry reagent (llI) for fibrinogen assay, provided by the present invention, is used, for
example, with an apparatus for fibrinogen assay (trade name, KC-10A, supplied by Amelung GmbH, Lemgo)
which generally uses a liquid reagent, the coagulation time and the fibrinogen concentration in plasma correlate
to each other well. Therefore, by the use of the dry reagent (ll), the fibrinogen assay can be carried out with
an apparatus for fibrinogen assay using a liquid reagent without troublesome reagent preparations such as
preheating.

The method of assaying a fibrinogen concentration in an assay sample according to the present invention
permits a broader concentration range for fibrinogen assay and gives excellent reproducibility as compared
with a fibrinogen assay method using a negative slope of the motion signal of magnetic particles. Therefore,
the assay method of the present invention obviates procedures of remeasurement of an assay sample by
changing the dilution ratio when the assay sample has a fibrinogen concentration outside the assay range as
in the fibrinogen assay method using the negative slope of the motion signal of magnetic particles.

Furthermore, the result of the fibrinogen assay using the dry reagents of the present invention correlates
very well to the result of the fibrinogen assay using a liquid reagent, and the assay using the dry reagents of
the present invention can be carried out with improved reproducibility, higher reliability and higher accuracy.

Brief Description of Drawings

Fig. 1 shows a typical reaction slide for use in the fibrinogen assay using the dry reagent (I) of the present
invention in which D indicates a reagent-charging portion.

Fig. 2 shows a breakdown of the reaction slide shown in Fig. 1, in which A indicates a transparent resin
plate, B indicates a transparent resin plate and C indicates a white resin plate.

Fig. 3 shows a change of the motion signal intensity of magnetic particles with the lapse of time after the
addition of an assay sample to the dry reagent (l).

Fig. 4-Ashows an end point analysis method for obtaining a coagulation time corresponding to a fibrinogen
content by using the dry reagent (l).

Fig. 4-B is a graph showing a logarithmic signal waveform, in which the abscissa axis indicates the lapse
of time after the addition of an assay sample and the ordinate axis indicates a logarithmic value of signal in-
tensity.

Fig. 5 shows a difference in change of the motion signal intensity of magnetic particles between the dry
reagent () obtained by freeze-drying and an air-dried reagent.

Fig. 6 shows the relationship between the coagulation time and the fibrinogen concentration in plasma,
obtained by the end point analysis method shown in Fig. 4-A.

Fig. 7 shows the correlation between fibrinogen assay values obtained by a conventional liquid reagent
method and fibrinogen assay values obtained by the assay method using the dry reagent (I) of the present
invention.

Fig. 8 shows the relationship between the coagulation time obtained by using the dry reagent (ll) and the
fibrinogen concentration in plasma.

Fig. 9 shows the relationship between the coagulation time obtained by using the dry reagent (l) containing
snake venom protein as protein having thrombin activity and the fibrinogen concentration in plasma.

Fig. 10 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining human thrombin as protein having thrombin activity and the fibrinogen concentration in plasma.

Fig. 11 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining sucrose as an additive and the fibrinogen concentration in plasma.

Fig. 12 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining glucose as an additive and the fibrinogen concentration in plasma.

Fig. 13 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining fructose as an additive and the fibrinogen concentration in plasma.

Fig. 14 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining L-lysine chlorate as an additive and the fibrinogen concentration in plasma.

Fig. 15 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-

13



10

18

20

25

30

35

40

45

50

55

EP 0 587 398 A1

taining glycine as an additive and the fibrinogen concentration in plasma.

Fig. 16 shows the relationship between the coagulation time obtained by using the dry reagent (I) con-
taining sodium aspartate as an additive and the fibrinogen concentration in plasma.

Fig. 17 shows the correlation between the coagulation time obtained when end points are set by changing
the ratio of attenuation to the peak value of the motion signal of magnetic particles and the fibrinogen con-
centration.

Fig. 18 shows the method for calculation of negative slope of the motion signal of magnetic particles.

Fig. 19 shows the correlation between the negative slope obtained by the method shown in Fig. 18 and
the fibrinogen concentration in plasma.

Fig. 20 shows the correlation between the coagulation time obtained when end points are set where the
ratio of attenuation to the peak value of the motion signal of magnetic particles differs from that of the present
invention and the fibrinogen concentration.

Fig. 21 shows the fibrinogen assay curve (calibration curve) obtained by determining the assay range cor-
responding to a time when the reaction system shows the minimum viscosity value, in which the abscissa axis
indicates fibrinogen concentration and the ordinate axis indicates viscosity increase rate in the assay range.

Fig. 22 shows the correlation between fibrinogen assay values obtained in Example 13 according to the
calibration curve shown in Fig. 21 and fibrinogen assay values obtained by a conventional method, in which
the abscissa axis indicates the fibrinogen concentration according to the conventional method and the ordinate
axis indicates the fibrinogen concentration according to the method of the present invention.

Examples

The present invention will be explained more in detail by reference to Examples. The present invention,
however, is not limited to these Examples.

Example 1 and Comparative Example 1:

Comparison of changes of motion signals of magnetic particles with the lapse of time depending upon additives

The following six dry reagents were compared concerning changes of motion signals of magnetic particles
with the lapse of time by means of a fibrinogen assaying apparatus (CG01, supplied by A &T Corp.). The com-
pared dry reagents were a thrombin reagent containing glucose (to be abbreviated as "glucose reagent" here-
inafter), a thrombin reagent containing sodium L-glutamate monohydrate (to be abbreviated as "sodium glu-
tamate reagent" hereinafter), a thrombin containing bovine serum albumin (to be referred to as "albumin re-
agent" hereinafter), a thrombin reagent containing Tween 80 (to be abbreviated as "Tween 80 reagent" here-
inafter), a thrombin reagent containing PEG6000 (to be abbreviated as "PEG6000 reagent" hereinafter) and
a thrombin containing glycerol (to be abbreviated as "glycerol reagent" hereinafter). The above reagents were
prepared as follows.

The term "HEPES" in the following preparations of the reagents refers to N-2-hydroxyethylpiperazine-N’-
2-ethanesulfonic acid (CgHgN2,0,S).

Preparation of glucose reagent

Pure water was added to a bovine thrombin reagent (supplied by International Reagents Corp.) to prepare
100 U/ml of a thrombin aqueous solution. This thrombin aqueous solution and a 30 mM HEPES (supplied by
Dojindo Laboratories) buffer solution (pH 7.35) containing 1.5 % glucose (supplied by Wako Pure Chemical
Industries, Ltd.) were mixed in a mixing volume ratio of 1:2. Further, ferrosoferric particles (magnetic particles,
supplied by Rare Metallic Co., Ltd.) were mixed with the above mixture in such an amount that the final con-
centration of the ferrosoferric oxide (magnetic particles) was 5 mg/ml, to prepare a final solution for the glucose
reagent. The final solution (25 pl) was charged into the same reaction slide as that shown in Fig. 1. The reaction
slide was instantaneously frozen and then freeze-dried to obtain a glucose reagent. The above freeze-drying
was carried out by linearly increasing the temperature in vacuum from -30° C to 20° C with the lapse of 8 hours.

Preparation of sodium glutamate reagent

A sodium glutamate reagent was prepared in the same manner as in the above preparation of the glucose
reagent except that the 30 mM HEPES buffer solution containing 1.5 % (wt/vol.) glucose was replaced with a
30 mM HEPES buffer solution containing 3.0 % (wt/vol) sodium L-glutamate monchydrate.
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Preparation of albumin reagent

An albumin reagent was prepared in the same manner as in the above preparation of the glucose reagent
except that the 30 mM HEPES buffer solution containing 1.5 % (wt/vol.) glucose was replaced with a 30 mM
HEPES buffer solution containing 4.5 mg/ml bovine serum albumin (supplied by Sigma Chemical Company).

Preparation of Tween 80 reagent

A Tween 80 reagent was prepared in the same manner as in the above preparation of the glucose reagent
except that the 30 mM HEPES buffer solution containing 1.5 % (wt/vol.) glucose was replaced with a 30 mM
HEPES buffer solution containing 0.075 % (wt/vol) Tween 80 (nonionic surfactant, supplied by Wako Pure
Chemical industries, Ltd.).

Preparation of PEG6000 reagent

A PEG6000 reagent was prepared in the same manner as in the above preparation of the glucose reagent
except that the 30 mM HEPES buffer solution containing 1.5 % (wt/vol.) glucose was replaced with a 30 mM
HEPES buffer solution containing 1.5 % (wt/vol) PEG6000 (polyethylene glycol having an average molecular
weight of 6,000, supplied by Koch-Light, Ltd.).

Preparation of glycerol reagent

A glycerol reagent was prepared in the same manner as in the above preparation of the glucose reagent
except that the 30 mM HEPES buffer solution containing 1.5 % (wt/vol.) glucose was replaced with a 30 mM
HEPES buffer solution containing 0.75 % (wt/vol) glycerol (supplied by Wako Pure Chemical Industries, Ltd.).

Comparison of changes of motion signal with the lapse of time

Plasma containing 200 mg/d| of fibrinogen was diluted with OWREN'’s buffer solution (supplied by Sigma
Chemical Company) 20 times. Then, each of the above six dry reagents was independently set in a fibrinogen
assaying apparatus CG01, and 25 pl of the above diluted solution was added. Then, the motion signal of mag-
netic particles from each reagent was optically monitored.

Fig. 3 shows changes of motion signals of the magnetic particles with the lapse of time after the addition
of the diluted solution. In Fig. 3, A indicates a graph obtained from the glucose reagent, B indicates a graph
obtained from the sodium glutamate reagent, C indicates a graph obtained from the albumin reagent, D indi-
cates a graph obtained from the Tween 80 reagent, E indicates a graph obtained from the PEG6000 reagent
and F indicates a graph obtained from the glycerol reagent.

As is easily understood in Fig. 3, when the glucose reagent, the sodium glutamate reagent and the glycerol
reagent were used, the change of motion signal of the magnetic particles with the lapse of time corresponded
to an increase in the viscosity of the reagents. The remaining reagents were poor in solubility and showed no
correspondence of the motion signal of the magnetic particles to an increase in the viscosity of the reagents.

Comparative Example 2:

Dry reagent containing no additive

The following reagents containing no additive (to be abbreviated as "additive-free reagent" hereinafter)
were tested with a fibrinogen assaying apparatus (CGO01, supplied by A& T Corp.) for changes of motion signals
of magnetic particles with the lapse of time. The additive-free reagents were prepared as follows.

Preparation of additive-free reagent

Pure water was added to a bovine thrombin reagent (supplied by International Reagents Corp.) to prepare
100 U/ml of a thrombin aqueous solution. This thrombin aqueous solution and a 30 mM HEPES (supplied by
Dojindo Laboratories) buffer solution (pH 7.35) were mixed in a mixing volume ratio of 1:2. Further, ferrosoferric
oxide (magnetic particles, supplied by Rare Metallic Co., Ltd.) were mixed with the above mixture in such an
amount that the final concentration of the ferrosoferric oxide (magnetic particles) was 5 mg/ml, to prepare a
final solution for the additive-free reagent. An additive-free reagent was prepared from the above final solution
in the same manner as in Example 1.
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Measurement of change of motion signal with the lapse of time

Plasma containing 200 mg/d| of fibrinogen was diluted with OWREN'’s buffer solution (supplied by Sigma
Chemical Company) 20 times. Then the above additive-free reagent was set in a fibrinogen assaying apparatus
CGO01, and 25 pl of the above diluted solution was added. Then, the motion signal of magnetic particles from
the additive-free reagent was optically monitored.

When the additive-free reagent was used, the resultant graph was similar to the graph from the PEG6000
reagent in Comparative Example 1, or no motion signal of the magnetic particles was obtained, and no assay
was possible.

Example 2 and Comparative Example 3:

Reproducibility of coagulation time

The same glucose reagent, sodium glutamate reagent and glycerol reagent as those obtained in Example
1 and Comparative Example 1 and a conventional dry reagent disclosed in U.S. Patent No. 5,110,727 were
tested with a fibrinogen assaying apparatus CG-01 (supplied by A& T Corp.) for reproducibility of coagulation
time.

Plasma containing 200 mg/d| of fibrinogen was diluted with OWREN'’s buffer solution (supplied by Sigma
Chemical Company) 20 times. Then one of the above reagents was set in a fibrinogen assaying apparatus
CGO01, and 25 pl of the above diluted solution was added. Then, the motion signal of magnetic particles from
the reagent was optically monitored. These procedures were repeated five times for each reagent. Table 1
shows the results. Table 1 also shows the average values thereof and coefficients of variation values (CV val-
ues).

The end point and coagulation time were set as shown in Fig. 4-A. That s, in the graph showing the change
of the motion signal of the magnetic particles with the lapse of time, the end point was set at a point where
the motion signal attenuated by 30 % of the peak value of the motion signal, and the coagulation time was set
to cover a period of time from the addition of the assay sample to the end point. Namely, in Fig. 4-A, Aindicates
the end point, and B indicates the coagulation time.

As shown in Table 1, the glucose reagent and sodium glutamate reagent, which comes under the present
invention, were excellent in reproducibility of the coagulation time. However, the other reagents, i.e., the gly-
cerol reagent and the reagent disclosed in PCT Laid-open Patent Publication No. 504076/1991, showed no
reproducibility of the change of motion signal of the magnetic particles with the lapse of time, since these re-
agents were not uniform in solubility. It has been therefore found that these other reagents showed no repro-
ducibility of the coagulation time.
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Table 1
Reagent (Glucose Sodium Glycerol |Reagent
reagent glutamate|reagent described in
reagent US Pat.No.
5,110,727
Times (Unit:see)
1 43.0 29.0 - 50.0 50.0
2 43.5 28.5 35.0 40.0
3 44.0 29.5 40.0 43.0
4 43.5 29.0 30.0 44 .0
5 43.0 28.5 45.5 55.0
Average
value 43.4 28.9 40.1 46 .4
CV value
(%) 0.96 1.45 19.92 12.98

Example 3 and Comparative Example 4:

Comparison of changes of motion signal of magnetic particles with the lapse of time depending upon drying
methods

The following two fibrinogen assay dry reagents which contained sodium L-glutamate monohydrate as an
additive but were produced by different drying methods were compared concerning changes of motion signals
of magnetic particles with the lapse of time by means of a fibrinogen assaying apparatus (CGO01, supplied by
A & T Corp.). The two dry reagents produced by different methods were a dry reagent obtained by freeze-
drying after frozen (to be abbreviated as "freeze-dry reagent" hereinafter) and a dry reagent obtained by air-
drying (to be abbreviated as "air-dry reagent" hereinafter).

Preparation of freeze-dry reagent

Afreeze-dry reagent was prepared in the same manner as in the preparation of the sodium glutamate re-
agent in Example 1.

Preparation of air-dry reagent

The same final solution as that described in the preparation of the sodium glutamate reagent in Example
1 was prepared, and charged into the same reaction slide as that shown in Fig. 1. The resultant reaction slide
was air-dried in vacuum at 30° C for 12 hours to obtain an air-dry reagent.

Comparison of changes of motion signal of magnetic particles with the lapse of time

Plasma containing 200 mg/dl of fibrinogen was diluted with an OWREN’s buffer solution (supplied by Sig-
ma Chemical Company) 20 times. Then the above dry reagents (l) were respectively set in a fibrinogen as-
saying apparatus CGO01, and 25 pl of the above diluted solution was added. Then, the motion signal of magnetic
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particles from each reagent was optically monitored.

Fig. 5 shows the changes of motion signals of the magnetic particles with the lapse of time after the ad-
dition of the diluted solution.

In Fig. 5, Aindicates a graph from the freeze-dry reagent, and B indicates a graph from the air-dry reagent.
When the air-dry reagent was used, the motion signal of the magnetic particles was low. When the freeze-
dry reagent was used, the motion signal of the magnetic particles was sufficiently high, and showed good re-
producibility.

Example 4:

Correlation between fibrinogen concentration and coagulation time

The same freeze-dry reagent (I) as that prepared in Example 3 was tested with a fibrinogen assaying ap-
paratus CGO1 (supplied by A & T Corp.) for the correlation between the coagulation time and the fibrinogen
concentration.

The end point detection and the coagulation time determination were carried out in the same manner as
in Example 2. The correlation between the coagulation time and the fibrinogen concentration was examined
as follows. First, a series of human plasma dilution solutions having fibrinogen concentrations of 50 to 800 mg/d|
were prepared from human plasma containing 800 mg/dI of fibrinogen and fibrinogen-deficient human plasma
(supplied by George King Bio-Medical Inc.). Then, a series of these dilution solutions were respectively diluted
with an OWREN's buffer solution 20 times. The above freeze-dry reagent was set at a fibrinogen assaying
apparatus CGO01, and 25 pl of one of the above diluted solutions was added to determine the coagulation time
of the diluted solution in the same manner as in Example 2. In this manner, the coagulation times of all the
diluted solutions were determined. The so-obtained data were plotted to draw an X-Y axes logarithmic graph
in which the X-axis indicated fibrinogen concentration and the Y axis indicated coagulation time. The correla-
tion was determined on the basis of the linearity of the drawn graph.

Fig. 6 shows the correlation between the fibrinogen concentration and the coagulation time. As shown in
Fig. 6, clearly, the fibrinogen concentration and the coagulation time show a linear relationship, and have the
correlation. Further, the result in Fig. 6 shows that fibrinogen can be assayed in the entire concentration range
of from 50 to 800 mg/dl when diluted 20 times.

Both when the above plasmas were diluted 10 times and measured for coagulation time and when the
above plasmas were diluted 40 times and measured for coagulation time, the resultant coagulation time and
the fibrinogen concentrations in plasma showed a linear relationship although the assay range differed.

Example 5:

Correlation between liquid reagent method and dry reagent method

The results of fibrinogen assay of 41 human plasma assay samples by a conventional method using a liquid
reagent and the results of fibrinogen assay of 41 human plasma assay samples using the dry reagent (l) of
the present invention were compared.

In the fibrinogen assay by a conventional method using a liquid reagent, Data-Fi-fibrinogen (supplied by
International Reagents Corp.) was tested with a measuring apparatus KC-10A (supplied by Amelung GmbH,
Lemgo) according to the instructions attached to Data-Fi-fibrinogen.

In the fibrinogen assay using the dry reagent (l) of the present invention, the same freeze-dry reagent as
that prepared in Example 3 was tested with a fibrinogen assaying apparatus CG01 (supplied by A& T Corp.).
The end point detection and the coagulation time determination were carried out in the same manner as in
Example 2. Human plasma was diluted with an OWREN’s buffer solution (supplied by Sigma Chemical Com-
pany) 20 times. Then, the above freeze-dry reagent was set at the fibrinogen assaying apparatus CG01, and
25 pl of the above diluted solution was added to determine the coagulation time. The fibrinogen concentration
in plasma was determined on the basis of the obtained coagulation time by reference, as a calibration curve,
to the graph shown in Fig. 6 referred to in Example 4.

Fig. 7 shows the correlation between the fibrinogen assay values obtained by the conventional method
using the liquid reagent and the fibrinogen assay values obtained by the method of the present invention.

As shown in Fig. 7, clearly, the fibrinogen assay value obtained by the conventional method using the
liquid reagent and the fibrinogen assay value obtained by the method of the present invention highly correlate
to each other.
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Example 6;

Correlation between coagulation time by dry reagent (Il) and fibrinogen concentration

The dry reagent (ll) to be used with KC-10A (supplied by Amelung GmbH, Lemgo) was prepared as follows.

Pure water was added to a bovine thrombin reagent (supplied by International Reagents Corp.) to prepare
100 U/ml of a thrombin aqueous solution. This thrombin aqueous solution and a 30 mM HEPES buffer solution
(supplied by Dojindo Laboratories, pH 7.35) containing 3.0 % sodium L-glutamate monchydrate (supplied by
Wako Pure Chemical Industries, Ltd.) were mixed in a mixing volume ratio of 1:2 to prepare a final solution for
the dry reagent (). The final solution (300 pl) was charged into a reaction cup (supplied by Amelung GmbH,
Lemgo). The reaction cup was instantaneously frozen with liquid nitrogen and then freeze-dried to obtain a
dry reagent (ll) for fibrinogen assay. The above freeze-drying was carried out by linearly increasing the tem-
perature in vacuum from -30° C to 20° C with the lapse of 8 hours.

The above dry reagent (ll) was set ata KC-10A, and then a steel ball (supplied by Amelung GmbH, Lemgo)
was placed therein. Then, 300 ul of an assay sample was added, and the time from the addition of the assay
sample to a time when the steel ball began to move was measured as a coagulation time.

The correlation between the coagulation time and the fibrinogen concentration was examined as follows.
The same six human plasmas having fibrinogen concentrations of 200, 300, 400, 500, 600 and 700 mg/dl as
those prepared in Example 4 were respectively diluted with an OWREN'’s buffer solution (supplied by Sigma
Chemical Company) 20 times. These diluted solutions were used as assay samples to determine the coagu-
lation time of each diluted solution by the above method. The so-obtained data were plotted to draw an X-Y
axes logarithmic graph in which the X-axis indicated fibrinogen concentration and the Y-axis indicated coag-
ulation time. The correlation was determined on the basis of the linearity of the drawn graph.

Fig. 8 shows the correlation between the fibrinogen concentration and the coagulation time. As shown in
Fig. 8, clearly, the fibrinogen concentration and the coagulation time show a linear relationship and hence,
have the correlation. Therefore, when the dry reagent (ll) of the present invention is used, fibrinogen can be
assayed with a fibrinogen assaying apparatus used with a liquid reagent, without complicated preparations
such as preheating.

Example 7:
Correlation between fibrinogen concentration in plasma and coagulation time when snake venom protein and
human thrombin are used as protein having thrombin activity

Two dry reagents (l) for fibrinogen assay were prepared as follows.

Preparation of snake venom protein reagent

A snake venom protein reagent was prepared in the same manner as in the preparation of a sodium glu-
tamate reagent in Example 1 except that the bovine thrombin reagent was replaced with a freeze-dried product
of snake venom protein having thrombin-like activity (Crotalase, supplied by Sigma Chemical Company) and
that the freeze-drying was carried out by increasing the temperature linearly from -30 to 30° C in vacuum with
the lapse of 13 hours.

Preparation of human thrombin reagent

Ahuman thrombin reagent was prepared in the same manner as in the above preparation of a snake venom
reagent except that the freeze-dried product of snake venom protein was replaced with a freeze-dried product
of human thrombin (supplied by Sigma Chemical Company).

Correlation between coagulation time and fibrinogen concentration

CGO01 (supplied by A & T Corp.) was used as a fibrinogen assaying apparatus.

The above two dry reagents () were tested with a blood coagulation measuring apparatus CGO01 for the
correlation between the coagulation time and the fibrinogen concentration.

The end point detection and coagulation time determination were as follows. When the snake venom pro-
tein reagent was used, a point where the motion signal of the magnetic particles attenuated from the peak value
by 10 % in Fig. 4-A was set at the end point, and the time from the addition of an assay sample to the end
point was taken as the coagulation time. Thatis, C in Fig. 4-Aindicates the end point, and D in Fig. 4-Aindicates
the coagulation time. The above end point corresponds to a point where the viscosity increases to be 100/90
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(about 1.11) times as large as the minimum value of the viscosity.

When the human thrombin reagent was used, a point where the motion signal of the magnetic particles
attenuated from the peak value by 30 % in Fig. 4-A was set at the end point, and the time from the addition of
an assay sample to the end point was taken as the coagulation time. That is, A in Fig. 4-A indicates the end
point, and B in Fig. 4-A indicates the coagulation time. The above end point corresponds to a point where the
viscosity increases to be 100/70 (about 1.43) times as large as the minimum value of the viscosity.

The correlation between the coagulation time and the fibrinogen concentration was examined as follows.
A series of five dilution solutions of human plasmas having fibrinogen concentrations of 123, 184.5, 246, 369
and 492 mg/dl were prepared from human plasma containing 900 mg/dl of fibrinogen and fibrinogen-deficient
human plasma (supplied by George King Bio-Medical, Inc.). Then, a series of these dilution solutions were re-
spectively diluted with an OWREN’s buffer solution 15 times. The above freeze-dry reagent was set at a fibri-
nogen assaying apparatus CG01, and 25 pl of one of the above diluted solutions was added to determine the
coagulation time of the diluted solution by the above method. In this manner, the coagulation times of all the
diluted solutions were determined. The so-obtained data were plotted to draw an X-Y axes logarithmic graph
in which the X-axis indicated fibrinogen concentration and the Y-axis indicated coagulation time. The correla-
tion was determined on the basis of the linearity of the drawn graph, on the basis of which the possibility of
fibrinogen assay was determined. Each of the plotted coagulation time values was an average obtained by
measuring them five times.

Fig. 9 shows the correlation between the fibrinogen concentration and the coagulation time when the
snake venom protein reagent was used. Fig. 10 shows the correlation between the fibrinogen concentration
and the coagulation time when the human thrombin reagent was used. As shown in Figs. 9 and 10, clearly,
the fibrinogen concentration and the coagulation time show a linear relationship, and have a very good cor-
relation.

That is, it has been found that the above two reagents are capable of assaying fibrinogen.

Example 8:
Correlation between fibrinogen concentration in plasma and coagulation time when saccharide is used as ad-
ditive

Saccharides such as glucose, fructose and sucrose were selected, and three dry reagents (I) containing

these were prepared as follows.

Preparation of glucose reagent

A glucose reagent was prepared in the same manner as in the preparation of glucose reagent in Example
1 except that the glucose content in the buffer solution was changed from 1.5 % (wt/vol) to 3.0 % (wt/vol) and
that the freeze-drying was carried out by increasing the temperature linearly from -30° C to 30° C in vacuum
with the lapse of 13 hours.

Preparation of fructose reagent

Afructose reagentwas prepared in the same manner as in the above preparation of glucose reagent except
that the glucose was replaced with fructose (supplied by Wako Pure Chemical Industries, Ltd.).

Preparation of sucrose reagent

Asucrose reagent was prepared in the same manner as in the above preparation of glucose reagent except
that the glucose was replaced with sucrose (supplied by Wako Pure Chemical Industries, Ltd.).

Correlation between coagulation time and fibrinogen concentration

The above reagents were examined for the correlation between the coagulation time and fibrinogen con-
centration in the same manner as in Example 7.

The endpoint of the coagulation time for each reagent was determined as follows. That is, when the sucrose
reagent was used, a point where the motion signal of the magnetic particles attenuated from the peak value
by 10 % in Fig. 4-A (the viscosity increased to be 100/90 times as large as the minimum value of the viscosity)
was set at the end point. When the glucose reagent and the fructose reagent were used, a point where the
motion signal of the magnetic particles attenuated from the peak value by 30 % in Fig. 4-A (the viscosity in-
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creased to be 100/70 times as large as the minimum value of the viscosity) was set at the end point.

Fig. 11 shows the correlation between the fibrinogen concentration and the coagulation time when the
sucrose reagent was used. Fig. 12 shows the correlation between the fibrinogen concentration and the coag-
ulation time when the glucose reagent was used. Fig. 13 shows the correlation between the fibrinogen con-
centration and the coagulation time when the fructose reagent was used. As shown in Figs. 11 to 13, the fi-
brinogen concentration and the coagulation time show a linear relationship, and have a very good correlation
although the sensitivity is low as compared with an amino acid reagent (glycine reagent, lysine reagent, sodium
aspartate reagent, sodium glutamate reagent, Example 1 and Example 9).

That is, it has been found that the above three reagents are capable of assaying fibrinogen.

Example 9:
Correlation between fibrinogen concentration in plasma and coagulation time when amino acid is used as ad-
ditive

L-glycine which was neutral amino acid, L-lysine hydrochloride which was basic amino acid and sodium

L-aspartate which was a salt of acidic amino acid were selected. Three dry reagents (I) containing these amino
acids were prepared as follows.

Preparation of glycine reagent

A glycine reagent was prepared in the same manner as in the preparation of sodium glutamate reagent in
Example 1 except that the sodium glutamate was replaced with glycine (supplied by Wako Pure Chemical In-
dustries, Ltd.) and that the freeze-drying was carried out by increasing the temperature linearly from -30° C
to 30° C in vacuum with the lapse of 13 hours.

Preparation of lysine reagent

A lysine reagent was prepared in the same manner as in the above preparation of glycine reagent except
that the glycine was replaced with L-lysine hydrochloride (supplied by Wako Pure Chemical Industries, Ltd.).

Preparation of sodium aspartate reagent

A sodium aspartate reagent was prepared in the same manner as in the above preparation of glycine re-
agent except that the glycine was replaced with sodium L-aspartate (supplied by Wako Pure Chemical Indus-
tries, Ltd.).

The above reagents were examined for the correlation between the coagulation time and fibrinogen con-
centration in the same manner as in Example 7.

The endpoint of the coagulation time for each reagent was determined as follows. That is, when the lysine
reagent was used, a point where the motion signal of the magnetic particles attenuated from the peak value
by 10 % in Fig. 4-A (the viscosity increased to be 100/90 times as large the minimum value of the viscosity)
was set at the end point. When the glycine reagent and the sodium aspartate reagent were used, a point where
the motion signal of the magnetic particles attenuated from the peak value by 30 % in Fig. 4-A (the viscosity
increased to be 100/70 times as large as the minimum value of the viscosity) was set at the end point.

Fig. 14 shows the correlation between the fibrinogen concentration and the coagulation time when the
lysine reagent was used. Fig. 15 shows the correlation between the fibrinogen concentration and the coagu-
lation time when the glycine reagent was used. Fig. 16 shows the correlation between the fibrinogen concen-
tration and the coagulation time when the sodium aspartate reagent was used. As shown in Figs. 14 to 16,
the fibrinogen concentration and the coagulation time show a linear relationship, and have a very good cor-
relation.

That is, it has been found that the above three reagents are capable of assaying fibrinogen.

Example 10;

Comparison of reagents containing amino acids as additive concerning reproducibility

Plasma containing 246 mg/dl of fibrinogen was diluted with an OWREN's buffer solution 15 times, and the
resultant diluted solution was added to a variety of amino acid reagents to determine a coagulation time for
each reagent. These procedures were repeated five times for each reagent, and coefficients of variation values
(CV values) were calculated.
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The above amino acid reagents were the same as those prepared in the following Examples.

Sodium glutamate reagent: Example 1
Sodium aspartate reagent: Example 9
Glycine reagent: Example 9
Lysine reagent: Example 9

Table 2 shows the results.
Table 2 clearly shows that the reproducibility of measured values when acidic amino acid is used is ex-
cellent over that when other amino acids are used.

Table 2
Amino acid type Acidic amino acid Neutral amino acid Basic amino acid
reagent Sodium gluta- | Sodium aspartate re- Glycine reagent Lysine reagent
mate reagent agent
1 21.4 18.1 16.1 26.0
2 21.3 18.9 18.3 28.5
3 21.2 17.9 17.9 25.5
4 21.5 17.9 17.2 26.5
5 21.0 18.5 16.3 25.5
Average value 21.3 18.3 17.2 26.4
CV value (%) 0.90 2.37 5.60 4.72
Example 11:

Correlation between fibrinogen concentration and coagulation time when the end point is changed.

The same sodium glutamate reagent as that used in Example 1 was used as a dry reagent () and tested
with a fibrinogen assay apparatus CG01 (supplied by A & T Corp.) for the correlation between the fibrinogen
concentration in an assay sample and the coagulation time when end points were set where the attenuation
ratio of motion signal of the magnetic particles to the peak value was changed.

End points were set where the motion signal of the magnetic particles attenuated from the peak value by
10 %, 20 %, 30 % and 40 %, and the time from the addition of an assay sample to each end point was taken
as a coagulation time. These end points correspond to points where the viscosity increases to be 100/90 (about
1.1) times, 100/80 (1.25) times, 100/70 (about 1.43) times and 100/60 (about 1.67) times as large as the mini-
mum value of the viscosity.

The correlation between the fibrinogen concentration and the coagulation time was examined as follows.
A series of dilution solutions of human plasmas having fibrinogen concentrations of 100 to 600 mg/dl were pre-
pared from human plasma containing 600 mg/dl of fibrinogen and fibrinogen-deficient human plasma (supplied
by George King Bio-Medical, Inc.). Then, a series of these dilution solutions were respectively diluted with an
OWREN buffer solution 20 times. The above freeze-dry reagent was set at a fibrinogen assaying apparatus
CGO01, and 25 pl of one of the above diluted solutions was added to determine the coagulation time of the di-
luted solution by the above method. In this manner, the coagulation times of all the diluted solutions were de-
termined. The so-obtained data were plotted to draw an X-Y axes logarithmic graph in which the X-axis indi-
cated fibrinogen concentration and the Y-axis indicated coagulation time. The correlation was determined on
the basis of the linearity of the drawn graph.

Fig. 17 shows the correlation between the fibrinogen concentration and the coagulation time. In Fig. 17,
A indicates a graph showing the correlation between the coagulation time and the fibrinogen concentration
when the motion signal of the magnetic particles attenuated from its peak value by 10 %, B indicates a graph
showing the same when the motion signal of the magnetic particles attenuated from its peak value by 20 %,
C indicates a graph showing the same when the motion signal of the magnetic particles attenuated from its
peak value by 30 %, and D indicates a graph showing the same when the motion signal of the magnetic par-
ticles attenuated from its peak value by 40 %.

As shown in Fig. 17, when the end point is set by changing the attenuation ratio to the peak value of motion
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signal of the magnetic particles within the viscosity change range defined in the present invention, the coag-
ulation time and the fibrinogen concentration in an assay sample well correlates to each other.

Comparative Example 5;

Correlation between conventional negative slope method and the fibrinogen concentration.

The same sodium glutamate reagent as that used in Example 1 was used as a dry reagent () and tested
with a fibrinogen assay apparatus CG01 (supplied by A & T Corp.) for the correlation between the negative
slope and the fibrinogen concentration.

The negative slope was measured as follows. First, the peak value of the motion signal was recorded (A
in Fig. 18). Then, the value of the signal intensity at a time when 5 seconds lapsed since the motion signal
had reached the peak value was recorded (F in Fig. 18), and a change amount of the motion signal per second
was calculated as a negative slope on the basis of the above two motion signal values. That is, the range for
measuring the negative slope in this Comparative Example covered the period of 5 seconds after the motion
signal of the magnetic particles reached the peak. When expressed using symbols in Fig. 18, the negative
slope is (A-B)/5[count/sec].

The correlation between the negative slope and the fibrinogen concentration was examined as follows. A
series of dilution solutions of human plasmas having fibrinogen concentrations of 50 to 800 mg/dl were prepared
from human plasma containing 800 mg/dl of fibrinogen and fibrinogen-deficient human plasma (supplied by
George King Bio-Medical Inc.). Then, a series of these dilution solutions were respectively diluted with an OW-
REN buffer solution 20 times. The above freeze-dry reagent was set at a fibrinogen assaying apparatus CG01,
and 25 pl of one of the above diluted solutions was added to determine the coagulation time of the diluted
solution by the above method. In this manner, the coagulation times of all the diluted solutions were deter-
mined. The so-obtained data were plotted to draw a graph in which the X-axis indicated fibrinogen concentra-
tion and the Y-axis indicated the size of the negative slope. The correlation was determined on the basis of
the linearity of the drawn graph.

Fig. 19 shows the correlation between the fibrinogen in the assay sample and the negative slope. As
shown in Fig. 19, as the fibrinogen concentration in the assay sample increased, the negative slope became
greater, while such a linearity as that shown in Examples 4 and 12 was not obtained. It has been therefore
found actually difficult to assay the fibrinogen concentration in an assay sample using the negative slope of
motion signal of the magnetic particles.

Comparative Example 6;

Correlation between the fibrinogen concentration and the coagulation when the end point is changed.

The same sodium glutamate reagent as that used in Example 1 was used as a dry reagent () and tested
with a fibrinogen assay apparatus CG01 (supplied by A & T Corp.) for the correlation between the fibrinogen
concentration in an assay sample and the coagulation time when the end point was set where the attenuation
ratio to the peak value of motion signal of the magnetic particles was outside the viscosity variation range de-
termined in the present invention.

The end points were set at points where the motion signal of the magnetic particles attenuated from its
peak value by 3 %, 30 % and 60 %, and the time from the addition of an assay sample to each end point was
taken as a coagulation time. These points correspond to points where the viscosity increased to be 100/97
(about 1.03) times, 100/70 (about 1.43) times and 100/40 (about 2.5) times as large as the minimum value of
the viscosity.

The correlation between the coagulation time and the fibrinogen concentration was examined as follows.
A series of seven dilution solutions of human plasmas having fibrinogen concentrations of 50, 90, 100, 200,
400, 600 and 800 mg/dl were prepared from human plasma containing 800 mg/dl of fibrinogen and fibrinogen-
deficient human plasma (supplied by George King Bio-Medical Inc.). Then, a series of these dilution solutions
were respectively diluted with an OWREN'’s buffer solution 20 times. The above freeze-dry reagent was set
at a fibrinogen assaying apparatus CG01, and 25 pl of one of the above diluted solutions was added to deter-
mine the coagulation time of the diluted solution by the above method. In this manner, the coagulation times
of all the diluted solutions were determined. The so-obtained data were plotted to draw an X-Y logarithmic
graph in which the X-axis indicated fibrinogen concentration and the Y-axis indicated data of the coagulation
time (average of three measurement data). The correlation was determined on the basis of the linearity of the
drawn graph. Fig. 20 shows the correlation between the fibrinogen concentration and the coagulation time.
In Fig. 20, A indicates a graph showing the relation between the coagulation time and the fibrinogen concen-
tration when the motion signal of the magnetic particles attenuated from its peak value by 3 %, B indicates a
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graph showing the same when the motion signal of the magnetic particles attenuated from its peak value by
30 %, and C indicates a graph showing the same when the motion signal of the magnetic particles attenuated
from its peak value by 60 %. In each graph, each "." shows an average value obtained by measuring the co-
agulation time three times, and the length of each vertical line ("I') shows a deviation breadth of three meas-
urement values.

Fig. 20 shows that when the end point is set where the motion signal of the magnetic particles attenuates
from its peak value by 3 %, there is a defect in that the fibrinogen assay cannot be performed accurately due
to low sensitivity and poor reproducibility. Similarly, Fig. 20 shows that when the end point is set where the
motion signal of the magnetic particles attenuates from its peak value by 60 %, the sensitivity is high, but there
is a defect in that the assay range is narrow since no end point can be determined for plasma having a fibri-
nogen concentration of less than 200 mg/dl and the coagulation time therefore cannot be determined.

Fig. 20 clearly shows that when the end point is set where the motion signal of the magnetic particles at-
tenuates from its peak value by 30 % , the sensitivity is high, the assay range is broad and the reproducibility
is excellent.

Example 12

Each of the following diluted plasmas (25 pl) having a fibrinogen concentration of 50 to 800 mg/dl was add-
ed to the same sodium glutamate reagent as that prepared in Example 1, and the mixture was measured with
a measuring apparatus CGO01 (supplied by A& T Corp.) for signals.

The diluted plasmas were prepared as follows. A high-concentration fibrinogen solution (FIBI, supplied by
Enzyme Research Laboratories, Inc.) and normal plasma (supplied by George King Bio-Medical Inc.) were
mixed to prepare plasma having a fibrinogen concentration of 1,100 mg/dl. The so-obtained plasma and a fi-
brinogen-deficient were mixed to prepare eight kinds of plasmas having fibrinogen concentrations of 800, 600,
400, 300, 200, 150, 100 and 50 mg/dl. Each plasma was diluted with an OWREN'’s buffer solution (supplied
by Sigma Chemical Company) 20 times to obtain diluted plasma solutions.

Signal waveforms obtained by the above measurement were converted to logarithmic signal waveforms,
and periods of time (to be sometimes abbreviated as "pt" hereinafter) from the addition of the assay sample
to a time when the reaction system showed a minimum viscosity were determined. The logarithmic waveforms
were searched for linear regions which were considered to reflect the fibrinogen concentrations, and pt's were
classified so that the assay ranges were included in the above regions. The assay ranges were determined
as shown in Table 3. The viscosity increase rate in each assay range was calculated.

Table 3
pt (second) Assay range
Start point End point Time for assay range
Less than 5 pt+25 pt+7.5 5.0
5 to 15 (exclusive) pt+7.5 pt + 15.0 7.5
15 or more pt+17.5 pt + 35.0 17.5

The viscosity increase rate in the assay range refers to a value obtained by dividing a change amount of
logarithmic values of signal intensity from the start point of the assay range to the end point thereof by a period
of time (seconds) from the start point to the end point, and it is a change ratio per unit time in the assay range.

Then, the relation between the viscosity increase rate and the fibrinogen concentration in the arrange
range was examined. Fig. 21 shows the results, in which the abscissa axis indicates fibrinogen concentration
and the ordinate axis indicates viscosity increase rate in the assay range. In Fig. 21, each dot shows an average
of five measurements. Fig. 21 shows that eight kinds of the diluted plasmas had linear relationship between
the viscosity increase rate in the assay range and the fibrinogen concentration. The correlation coefficient of
this linearity was 0.99978, and excellent linearity was obtained. As described above, when the concentration
ranged from 50 to 800 mg/dl, there was obtained a calibration curve showing the relationship between the vis-
cosity increase rate in the assay range and the fibrinogen content.
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Example 13

Twenty human plasma assay samples were diluted in the same manner as in Example 12 and added to
the same sodium glutamate reagents as that prepared in Example 1. The resultant reaction systems were
measured for Pt. And then the resultant reaction systems were measured for viscosity increase rates in the
assay ranges corresponding to Pt in the same manner as in Example 12. The so-obtained viscosity increase
rates of the above assay samples were converted to fibrinogen concentrations on the basis of the calibration
curve prepared in Example 12.

The same assay samples as those used above were measured for fibrinogen values by a conventional
assay method using a liquid reagent to examine the correlation to the fibrinogen values obtained above. The
fibrinogen assay using a liquid reagent was carried out as follows. The reagent was Data-Fi-fibrinogen (sup-
plied by International Reagents Corp.), and mixtures of the assay samples with this reagent were measured
with a measuring apparatus KC-10A (supplied by Amelung GmbH, Lemgo) according to the instructions at-
tached to Data-Fi-fibrinogen.

Fig. 22 shows the results, in which the abscissa axis indicates fibrinogen concentrations obtained by the
conventional method, and the ordinate axis indicates fibrinogen concentrations obtained according to the pres-
ent invention. On the basis of the results, the correlation coefficient was 0.98966 and the results obtained ac-
cording to the present invention well correlated with those obtained by the conventional method.

Claims

1. Adry reagent (ll) for fibrinogen assay comprising:
(a) a protein having thrombin activity; and
(b) at least one of an amino acid, a salt thereof or a saccharide.

2. Areagent (l) according to claim 1 which further comprises:
(c) magnetic particles.

3. Areagent according to claim 1 or 2 wherein the component (a) is a bovine thrombin, a human thrombin
or a snake venom protein having thrombin activity.

4. Areagent according to any one of the preceding claims wherein the component (b) is an amino acid or a
salt thereof.

5. Areagent according to claim 4, wherein component (b) is an a-amino acid or a salt thereof.

6. A reagent according to any one of the preceding claims wherein the component (b) is an acidic amino
acid or a salt thereof.

7. Areagentaccording to any one of the preceding claims wherein the component (b) is glutamic acid, sodium
glutamate, aspartic acid or sodium aspartate.

8. Avreagent according to claim 1, 2 or 3 wherein the saccharide is glucose, fructose or sucrose.
9. Areagent according to any one of claims 2 to 8 wherein the component (c) is ferrosoferric oxide particles.

10. Areagent according to any one of the preceding claims wherein, per 300 pl of a diluted assay sample for
one measurement, the reagent comprises:
(a) 5 to 15 NIHU, as a thrombin amount, of component (a) and
(b) 0.2 to 10 mg of component (b).

11. Areagent according to any one of claims 2 to 9 wherein, per 25 pl of a diluted assay sample for one meas-
urement, the reagent comprises:
(a) 0.5 to 1.5 NIHU, as a thrombin amount, of component (a),
(b) 0.02 to 1 mg of component (b), and
(c) 2 x 10- to 2 x 10~* g of component (c).

12. Areaction slide for fibrinogen assay comprising a reagent according to any one of the preceding claims
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in a film form.

A process for the production of a reagent as claimed in any one of claims 1 to 11 comprising freeze-drying
a mixed liquid consisting essentially of:

(a) a protein having thrombin activity;
(b) at least one of an amino acid, a salt thereof or a saccharide; and
(d) a water-based medium..

A process according to claim 13 in which the mixed liquid further comprises (c) magnetic particles.
A process according to claim 13 or 14 wherein the component (d) is a buffer solution.

A method of assaying fibrinogen comprising the steps of:

(1) bringing a reagent as claimed in any one of claims 1 to 11 and an assay sample into contact with
each other,

(2) monitoring the viscosity of the dry reagent up to an end point which is arbitrarily set at a point where
the viscosity of the dry reagent increases to 20/19 to 3 times as large as the minimum value of the
viscosity thereof,

(3) measuring a coagulation time which has lapsed from the contact of the dry reagent and the assay
sample to the end point, and

(4) determining an active fibrinogen content in the assay sample on the basis of the coagulation time.

17. A method according to claim 16, wherein the end point is set at a point where the viscosity of the dry

reagent increases to be 10/17 to 2 times as large as the minimum value of the viscosity thereof.

18. A method of assaying fibrinogen on the basis of a change of a viscosity with time which comprises:

(i) preliminarily adding assay samples having known fibrinogen concentrations to a reagent as claimed
in any one of claims 1 to 11, then determining initial viscosity increase rates from a time when each
reaction mixture shows a minimum viscosity value to a predetermined time and determining assay rang-
es corresponding to the initial viscosity increase rates, the ranges including a range where a concen-
tration of an assay sample can be determined, and

(i) adding an assay sample having an unknown concentration to the dry reagent, measuring the re-
sultant reaction mixture for an initial viscosity increase rate, selecting an assay range on the basis of
the initial viscosity increase rate, measuring the reaction mixture for a viscosity increase rate in the
assay range and determining a fibrinogen content in the assay sample on the basis of the viscosity
increase rate.

19. A method of assaying fibrinogen on the basis of a change of a viscosity with time which comprises:

(i) preliminarily adding assay samples having known fibrinogen concentrations to a dry reagent as
claimed in any one of claims 1 to 11, then determining viscosity minimum times from the addition of
the assay samples to a time when each reaction mixture shows a minimum viscosity and determining
assay ranges corresponding to the viscosity minimum times, the ranges including arange where a con-
centration of an assay sample can be determined, and

(i) adding an assay sample having an unknown concentration to the dry reagent, measuring the re-
sultant reaction mixture for a viscosity minimum time, selecting an assay range on the basis of the vis-
cosity minimum time, measuring the reaction mixture for a viscosity increase rate in the assay range
and determining a fibrinogen content in the assay sample on the basis of the viscosity increase rate.

20. A method of assaying fibrinogen on the basis of a change of a viscosity with time which comprises:

(i) preliminarily determining an assay range in a range where the viscosity of the reaction system is
20/19 to 2 times as large as a value of the minimum viscosity, and

(ii) adding an assay sample having an unknown concentration to a reagent as claimed in any one of
claims 1 to 11, measuring the reaction mixture for a viscosity increase rate in the assay range and de-
termining a fibrinogen content in the assay sample on the basis of the viscosity increase rate.

21. A method according to any one of claims 16 to 20 wherein the assay sample is whole blood or plasma.
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